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Introduction 
Cleaning and shaping of root canal is one of the important steps in root canal 
therapy for elimination of infection by removal of vital and necrotic tissues from the 
root canal system, along with infected root dentine .Earlier cleaning and shaping was 
done using stainless steel files. They cause procedural errors such as ledges, zipping and 
perforations. To overcome this disadvantage nickel titanium files were introduced. 
Nickel Titanium contains 55 wt% Nickel and 45 wt% Titanium, less than 2wt% Cobalt. 
NiTi alloys are softer than Stainless steel and have a low modulus of elasticity but a 
greater strength, tougher and more resilient and show shape memory and superelasticity. 
The main disadvantages of NiTi instruments are cyclic fatigue and torsional loading.  
Fracture of NiTi instruments occurs in two different ways - torsional fracture and 
fracture by flexural fatigue. Torsional fracture occurs when the instrument tip is locked 
in canal but the shank continues to rotate. Fracture caused by fatigue occurs because of 
metal fatigue. The instrument does not bind in the canal but rotates freely in a 
curvature and generates tension/compression cycles at the point of maximum flexure. 
Aims and Objectives: 
To comparatively evaluate the cyclic fatigue resistance of two heat treated 
rotary files – FlexiCON X3, Twisted files and two heat treated reciprocating files – 
FlexiCON X1, Wave one. To evaluate whether rotary or reciprocating files have 
more cyclic fatigue resistance. To evaluate whether annealed heat treated or 
thermomechanically heat treated files have more cyclic fatigue resistance. 
Methodology: 
Twenty new files each of WaveOne, FlexiCON X3, Twisted files and FlexiCON 
X1 was selected for the study. The files were evaluated under stereomicroscope at 20x 
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magnification for any cracks or defects. Files with no surface defects or cracks was 
selected for the study. Cyclic fatigue testing of endodontic files was done on the 
artificially duplicated tempered steel canal which was mounted on a framework made of 
iron and wood to which the support for hand piece was attached. The artificial canal 
system was made of tempered steel. The canal system, which comprises two adjustable 
stainless steel blocks will have a 3 mm width, 60° angle of curvature and 5 mm radius. 
All the files in each group were rotated according to the manufacturer’s instruction. All 
the files were rotated until fracture occurs. The time till fracture in seconds was recorded 
using a stop watch. The number of cycles to fracture (NCF) which is indicative of cyclic 
fatigue resistance was calculated by multiplying the time (seconds) to fracture by the 
number of rpm regardless of rotational direction. 
Results: 
  In all the four groups Wave One files showed better cyclic fatigue resistance 
than FlexiCON X1, FlexiCON X3 and Twisted Files. 
Conclusion: 
 The results showed that reciprocating files showed better cyclic fatigue 
resistance than rotating files. Thermomechanically heat treated files showed better 
cyclic fatigue resistance than Annealed heat treated files in reciprocating motion and 
Annealed heat treated files showed better cyclic fatigue resistance than 
Thermomechanically heat treated files in rotating motion. 
Clinical implication 
 As fracture of endodontic file is a significant challenge to clinical endodontic 
practice, this study helps us to realize that reciprocating files and heat treated files 
can improve the fracture resistance of the file. 
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Cleaning and shaping of root canal eliminates the infection in the root canal 
by removal of vital and necrotic tissues from the root canal system, along with 
infected root dentine.1 Cleaning and shaping determines the efficacy of all 
subsequent procedures and includes mechanical debridement, creation of space for 
medicament delivery, and optimized canal geometries for adequate obturation. One 
of the main factor that affects the cleaning and shaping of the root canal therapy is 
the root canal anatomy. The main goal of cleaning and shaping is enlargement of the 
canals without procedural errors.2 
Initially cleaning and shaping was done using stainless steel files which was 
a complex procedure. The main disadvantage of stainless steel instruments is that it 
causes procedural errors.3 Stainless steel files are stiff and stiffness increases with 
increasing size of the instrument which causes high lateral forces. These forces tend 
to bring the instrument to its original shape and causes transportation and canal 
aberrations such as ledges, zipping and perforations.4 
Rotary instrumentation with nickel-titanium files results in a more uniform 
preparation with regard to taper and can enhance obturation by providing 
resistance.4 Nickel titanium (NiTi) was introduced in Naval Ordnance Laboratory in 
Silver Springs, Maryland by Buehler et al.. Nickel titanium contains 55 wt% Nickel 
and 45 wt% Titanium, less than 2wt% Cobalt. NiTi alloys are softer than stainless 
steel and have a low modulus of elasticity but a greater strength, they are tougher 
and more resilient and show shape memory and superelasticity. Vicker’s Hardness 
number is about 300-350 higher than dentin. Surface of NiTi is not homogenous and 
the core is harder than cutting edge.5 NiTi is equiatomic. Nickel Titanium exist in 
two forms i.e., austenite and martensite phase. The two forms are temperature 
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dependent types. Austenite is a high temperature phase also known as parent phase. 
The structure is cubic B2 crystal cubic. Austenite is a low temperature phase. The 
structure is monoclinic B190 crystal. NiTi consist of a typical characteristics such as 
superelasticity (SE) and shape memory effect (SME). Superelastic effect is that the 
file returns to its original shape completely with about 8% strain which occurs due to 
phase transformation between austenite and austenite phase. In shape memory effect 
the NiTi recovers its original shape only after heating, this occurs due to the phase 
transformation of stable deformed martensite to stable austenite phase.6 The lattice 
organization can be altered by temperature or stress. Root canal treatment causes 
stress to NiTi files and stress-induced martensite transformation takes place from the 
austenite to the martensitic deformation.5 
The main disadvantages of NiTi instruments are cyclic fatigue and torsional 
loading. Mechanical properties of NiTi instruments are they are flexible and they 
have resistance to torsion and flexural fatigue. Flexibility maintains the original 
shape of root canals, especially in severe curvatures. Torsional resistance and 
ﬂexural fatigue resistance favour reducing the occurrence of instrument separation.7 
Fracture of endodontic files occurs without any prior notice.5 Fracture of endodontic 
files in rotary motion takes place mainly in two ways - fracture caused by torsion 
and fracture caused by cyclic fatigue.8 Torsional fracture occurs when the 
instrument’s tip gets locked in the canal and the shank rotates freely in the canal. 
Subsequently fracture of the file occurs when the elastic limit of the alloy is 
exceeded. Instruments that fracture as a result of torsional overload reveal evidence 
of plastic deformation such as unwinding, straightening and twisting. Flexural 
fatigue occurs when the instrument rotates continuously in a curved canal. The 
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continuous rotation produces tension/compression cycles at the point of maximum 
flexure, this leads to the fracture of the instrument. It is proposed that repeated 
tension-compression cycles caused by the rotation within curved canals decreases 
the cyclic fatigue resistance of the instrument.9 
The main causes for fracture of NiTi files are torque, speed of rotation, angle 
of curvature and radius of curvature.10 Certain strategies have been incorporated 
during manufacturing process to enhance the mechanical properties of NiTi files - 
metallurgy advancement, electropolishing, ion implantation, file twisting (R-phase), 
control memory and M-phase.9 Methods to reduce cyclic fatigue resistance of 
endodontic files are thermomechanical treatment of nickel-titanium instruments, 
low-torque endodontic motors in root canal instrumentation, reciprocation, irrigants, 
sterilization, rotational speed.11 Austenitic alloy is superelastic in nature. When 
stress is applied it gets transferred to martensite, this is called stress induced 
martensitic. Conventional NiTi alloy consist of austenitic phase and is superelastic. 
To improve the flexibility and cyclic fatigue resistance of NiTi thermomechanically 
manufacturing procedure was introduced (M-wire). M-wire is maximum of austenite 
and minimum of martensite but becomes R-phase at body temperature.  M-wire 
exhibits greater flexibility than conventional alloy.6 In 2008 Sybron Endo introduced 
a new file system known as twisted files. Manufacturing procedure are R-phase heat 
treatment, twisting of the metal wire and a specific surface conditioning. The 
twisting process was conducted by transforming a raw NiTi wire in austenitic state 
through a thermal process into R-phase. R-phase possesses a lower shear modulus 
and transformation strain is less than one tenth of martensitic transformation. After 
twisting the file is converted back to austenite by additional thermal procedure to 
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maintain its new shape. Martensitic NiTi alloy is softer and more ductile than 
austenite. They exhibit shape memory effect. Martensitic alloys have favourable 
cyclic fatigue resistance than conventional alloys.6 Heat treatment at 400°C, 500°C, 
600°C and 850°C causes loss of superelasticity and recrystallization of the wrought 
microstructure. This improves the mechanical properties with improved clinical 
performance.12 Reciprocating motion was introduced in 2008. The reciprocating 
movement occurs in an anticlockwise cutting movement of 130 degrees, followed by 
a clockwise releasing movement of 50 degrees. This means that each instrument 
takes three rotations to complete a full 360 degree rotation and thus the elastic limit 
of the instrument is not exceeded.13 The reciprocating movement minimizes 
instrument fracture which is caused due to torsional stress: the angle of counter 
clock wise rotation will be smaller than the elastic limit of the instrument. So the 
instrument completes one 360° rotation in several reciprocating motion, this reduces 
the metal fatigue accumulation.14 
WaveOne (Dentsply Tulsa Dental Specialties and Dentsply Maillefer) was 
introduced in 2011. WaveOne NiTi ﬁles are available in three sizes: small, primary 
and large instruments. Small size instrument have tip size 21 with a taper of 0.06, 
primary instrument have tip size 25 with a taper of 0.08 and large instruments have 
tip size 40 with a taper of 0.08. Wave one files are produced with M-wire. They 
have a left-handed angulated blades. Wave One files cut in the counter clockwise 
(CCW) direction.14 Twisted files are manufactured by plastic deformation, similar to 
the twisting process that is used to produce stainless steel K-files. According to the 
manufacturer, a thermal process allows twisting during a phase transformation into 
the so-called R-phase of Ni-Ti. It is available in Tip size 25,30,35,40 and taper 0.4 
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upto 0.12.Cross section is triangular .15FlexiCON files are made up of an annealed 
heat treated nickel titanium alloy brand named Fire - Wire. They are available as X1, 
X3, X5, X7 files. FlexiCON X1 is compatible with wave one reciprocating file system 
and is available in sizes 20, 25, 40. FlexiCON X3 is compatible with Protaper and 
ProtaperNext. N1, N2, Nx files are used for initial canal shaping. C1, C2, C3, C4 files 
are available for completing canal shaping and cleaning. FlexiCON X5 file is 
compatible with the GT and GT Series X rotary file system. They are available as 
three color coded instruments - yellow for difficult canals, red for medium canals, 
blue for easy canals. FlexiCON X7 file is compatible with Vortex, Profile, K3, TF 
rotary systems. They are available in sizes 17, 20, 25 and taper 4% and 6%.16 
This study was done to comparatively evaluate the cyclic fatigue resistance 
of two heat treated file systems - thermomechanically heat treated system (Twisted 
files and WaveOne files) and fire wire system (FlexiCON X1 and X3) in rotating 
and reciprocating motion. The null hypothesis states that the cyclic fatigue resistance 
of thermomechanically heat treated system(Twisted files and WaveOne files) and 
annealed heat treated file (FlexiCON X1 and X3) in rotating and reciprocating 
motion will be equal. 
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AIM 
 To comparatively evaluate the cyclic fatigue resistance of two heat treated rotary 
files – FlexiCON X3,Twisted files and two heat treated reciprocating files – 
FlexiCON X1, Wave one 
OBJECTIVES 
 To evaluate whether rotary or reciprocating files have more cyclic fatigue 
resistance 
 To evaluate whether annealed heat treated or thermomechanically heat treated 
files have more cyclic fatigue resistance. 
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Y. Haikel et al. (1991)17 analyzed dynamic fracture of some endodontic 
hand instruments in simulated canals. The files tested were K file, H file, the K-Flex, 
Flexofile, Unifile, and Helifile. The test was done in a custom made device. The 
device consisted of two main parts i.e., a lathe and a curved tempered steel groove. 
The instrument handle was fixed along with the device. The instrument was rotated 
in 60-degree arcs of 20-mm radius in the groove. The files wear rotated at 1900 rpm 
with cyclic axial motion of 1-Hz frequency and 2-mm. The files wear rotated till the 
fracture occurred. Flexo files showed more cyclic fatigue resistance than other files.  
The result showed K file, H file, Unifile, and Helifile showed a distinct fracture 
starting point with crack striations and ductile fractures. The K-Flex and Flexofile 
showed only plastic deformations and axial fissures. 
John P Pruett et al. (1997)18 evaluated the cyclic fatigue resistance of 
engine driven nickel titanium instruments by evaluating the canal curvature and 
operating speed of Light speed instruments. The testing was done in an artificial 
stainless steel canal made up of stainless steel. The canal was constructed with 
curvature of 30°, 45°, 60° and radius of curvature was 2mm and 5mm. Number 30 
and 40 size Light speed instrument was rotated in the stainless steel canal at rpm 
750, 1300, 4000 . The files were rotated until the instrument fracture. Number of 
cycles to fracture was calculated. The result showed that operating speed is less 
important than the radius of curvature, angle of curvature and size of the instrument. 
Youssef Haikel et al. (1999)19 examined Profile, Hero and Quantec and 
evaluated the time of dynamic fracture in relation to the radius of curvature and 
diameter of instrument. The testing was done in a tempered steel canal with radius 
of curvature 5mm and 10mm. The instruments were rotated in 350 rpm. The result 
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showed that radius of curvature was directly proportional to the fracture time. The 
diameter of the file was indirectly proportional to the fracture time. Fracture was 
ductile in nature and cyclic fatigue is the main cause for failure. 
 Gianluca Gambarini et al. (2001)20 investigated the cyclic fatigue 
resistance of used nickel titanium operated by high torque motor and a new low 
torque motor. Fifty Profile instruments were used for the study and divided into 
three groups. Group A was 10 new instruments, Group B was 20 used instruments 
operated in high torque motors and Group C was 20 used instrument operated in low 
torque motor. The files were used for ten clinical cases and then the files were 
autoclaved at 132°C for 20 min after clinical use. The files were rotated in an 
artificial canal with radius of curvature of 5 mm, this allowed to reproduce the 
rotation of the file in a curved canal. The hand piece was fixed along with the 
device. The files were rotated at 300 rpm. Till the file fractures the file was rotated. 
The time was noted for the calculation of the number of cycles to fracture. The result 
showed that new endodontic files showed better cyclic fatigue resistance than used 
files. The taper, diameter and size of the instrument also affects the cyclic fatigue 
resistance. The result obtained was that the use of low torque endodontic motor 
reduced cyclic fatigue of nickel titanium rotary instruments. 
G.Plotino et al. (2006)21 compared the cyclic fatigue resistance Mtwo files 
which was used in molar teeth and new files. The instruments were divided into two 
groups Group A of 10 new Mtwo files and Group B of 10 used Mtwo files. The 
cyclic fatigue testing was done in artificial canal of angle of curvature 60˚and radius 
of curvature 5mm .The Mtwo NiTi rotary instruments were used in a 16: 1 
handpiece. The files were rotted at 300 rpm. After clinical usage the files were 
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examined under stereomicroscope at 10x· magniﬁcation for evaluvation of plastic 
deformation or separation. Files with deformations were excluded from the study. 
The files were rotated until the file fractures .NCF was calculated and length of the 
fractured segment was noted. The New Mtwo files showed more cyclic fatigue 
resistance than used files and concluded that clinical use of files reduced cyclic 
fatigue resistance of M two files. The conclusion was clinical use reduces the cyclic 
fatigue resistance of instruments. 
N.M. Grande et al. (2006)22 determined how instruments design affected the 
cyclic fatigue of two rotary systems i.e., Mtwo and ProTaper in simulated root 
canals. The testing was done in an artificial canal of radii of curvature 2mm, 5mm 
and 60° angle of curvature. The morphology of the instruments was determined by 
means of µCT and the fracture surface was examined under Scanning 
electromicroscopy. The result obtained was that radii of curvature had influence on 
the cyclic fatigue resistance .Larger instruments fractured in less time than the 
smaller instruments. The conclusion obtained was that the metal volume can affect 
the cyclic fatigue resistance. The larger the metal volume, lower the fatigue 
resistance. 
Spiros Zinelis et al. (2007)23 evaluated the effect of various thermal 
treatment on the cyclic fatigue resistance of NiTi endodontic files .Fourteen groups 
were treated for 30 minutes in temperature 250° C, 350°C, 375°C, 400°C, 410°C, 
420°C, 425°C, 430°C, 435°C, 440°C, 450°C, 475°C, 500°C and 550°C.The tip of 
each instrument was heated by hot air device. The heated files were then cooled. 
Then the instruments were tested in a rotating bending position inside an artificial 
canal. The files were rotated at 200 rpm and cyclic fatigue was tested in a custom 
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made device. The result showed that 430° and 440° groups showed highest cyclic 
fatigue resistance than other groups. Above 440°C the number of cycles to failure 
decreased till 550°C.The conclusion was that appropriate thermal treatment may 
significantly increase the fatigue resistance of the NiTi files. 
Yahata Y et al. (2009)24 investigated the effect of heat treatment on the 
bending properties of nickel titanium endodontic instruments in relation to their 
transformation behaviour. Superelastic nickel titanium alloy was processed in 
conical shape with 0.30 tip diameter and 0.06 taper. The model was heat treated at 
440 and 500°C for 10 and 30 min. Non heat treated specimens was used as control. 
The specimen heated at 440° C for 30 minutes exhibited the highest temperatures for 
Ms and Af, with subsequently lower temperatures observed for specimens heated at 
440°C for 10 min, 500°C for 30 min, 500°C for 10 min, and control specimens. The 
sample heated at 440°C for 30 min had the lowest bending load values. The 
conclusion was that the transformation behavior by heat treatment may be effective 
in increasing the flexibility of nickel titanium endodontic instruments. 
G Plotino et al. (2009)25 evaluated the cyclic fatigue resistance of ProTaper 
Universal, FlexMaster, Mtwo and Profile files. The cyclic fatigue testing was done 
in a stainless steel model of radius of curvature 2mm and angle of curvature 90°.The 
instruments were rotated at 300 rpm using a 6:1 reduction hand-piece which was 
powered by a torque-controlled motor. The files were rotated until the fracture 
occurred. NCF and length of the fractured segment were noted. The result showed 
that Mtwo had the highest cyclic fatigue resistance than ProTaper Universal and 
FlexMaster files. ProFile were not signiﬁcantly different from FlexMaster and 
ProFile. 
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Ya Shen et al. (2011)26 examined the cyclic fatigue behavior of NiTi 
instruments manufactured from controlled memory NiTi wire. Profile, Typhoone, 
Typhoone CM and DS- SS0250425NEYY were tested. All the files of size 25/0.04 
was rotated in an artificial canal of angle of curvature 35° and 45°.Number of cycles 
to fracture was recorded and the fractured segment was examined. The result 
obtained was the new controlled memory wires showed eight times more than 
conventional nickel titanium wires. The conclusion obtained was that controlled 
memory wire had significantly higher number of revolutions to fracture and lower 
surface strain amplitude than the conventional NiTi files. 
Luca Testarelli et al. (2011)27 evaluated the bending properties of Hyflex, 
Endosequence, Profile, Hero and Flexmaster files. All the instruments were tested 
for stiffness by comparing their bending movements at 45° bend. All the instruments 
were first examined under microscope at D0 and D16 to ensure uniformity in 
dimension and then under stereomicroscope at 20x magnification to ensure 
uniformity in cutting flutes. The result showed that Hyflex files had more flexibility 
than other NiTi files. This study highlighted a new manufacturing method. 
Marwa Mohammad Aly et al.(2011)28 examined the cyclic fatigue 
resistance of ProFile G and ProFile GT Series X in a simulated canal with curvatures 
45º and 60º degrees. The number of cycles to fracture was noted. There was a 
statistically significant difference between ProFile GT 30/4 and ProFile GTX 30/4 
as well as between ProFile GT 30/8 and ProFile GTX 30/8.ProFile GT 30/6 and 
ProFile GTX 30/6 the difference was not significant. Statistical analysis showed 
that the differences were not statistically significant between the tested 
instruments. 
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Ana Arias et al. (2012)29 evaluated the cyclic fatigue resistance of Wave 
One and Reciproc files at two levels. Sixty Reciproc and Wave One files were tested 
in a tempered steel canal of radius 3mm and 60° angle of curvature. The level of 
curvature was at 5mm and 13mm from the tip. The result showed that Reciproc files 
were more resistant to cyclic fatigue resistance than Wave One. Cyclic fatigue 
resistance was more in the apical portion than in the coronal portion. 
Ricardo Castello et al. (2012)30 compared the Cyclic fatigue resistance of 
Protaper, Wave One and Twisted files. The dimensions of the canal wear 60° angle 
of curvature  and 8-mm radius; canal 2, 45° angle of curvature and 8-mm radius; 
canal 3, 60° angle of curvature  and 5-mm radius; canal 4, 45° angle of curvature 
and 5-mm radius. The files were rotated in four artificial canals .Wave One files 
had better cyclic fatigue resistance in Canal 2 and Canal 4. The result showed that 
Wave one reciprocating files showed more cyclic fatigue resistance than Twisted 
files and Protaper files. 
Eugenio Pedulla et al. (2012)31 investigated the cyclic fatigue resistance of 
four nickel titanium rotary instruments. The instruments used wear Twisted files, 
Revo S, Mtwo and BioRaCe. Total of 80 instruments wear tested in an artificial 
canal of angle of curvature 60° and radius of curvature 5mm.The files were rotated 
in the canal and the time till fracture of the file was noted. The length of the 
fractured fragment was noted. The result obtained was that twisted files had more 
cyclic fatigue resistance than Mtwo and Revo S. 
G Gambarini et al. (2012)32evaluated the cyclic fatigue resistance of twisted 
files under reciprocating motion.30 size 25, 0.08 taper twisted file were tested in a 
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simulated canal of 3mm radius and 60° angle of curvature. Two groups were tested, 
in first group the files were rotated until the fracture occurred, in second group the 
files were driven in reciprocating motion until the fracture occurred. The time till 
fracture was noted. The result showed that continuous rotation showed significantly 
lower cyclic fatigue resistance than reciprocating motion. 
Ok In Cho et al. (2012)33 evaluated the cyclic fatigue resistance of Profile 
and K3 files with a newly developed method that allows the application of 
constant fatigue load condition. Two types of testing devices were used to find the 
cyclic fatigue. The first is the conventional device which consisted a curvature 
inside a simulated canal this is known as C-test, the second new device exerted a 
constant load whilst allowing any resulting curvature this is known as L test. Ten 
new instruments of each size and brand were tested for cyclic fatigue resistance 
with each device. The files were rotated until the fracture occurred. NCF was 
calculated. The result showed the determination of fatigue behaviour under 
constant load condition. 
Giulio Gavani et al. (2012)34 evaluated the flexural fatigue resistance of 
Reciproc R25 in rotating and reciprocating motion .The test was conducted in an 
artificial canal of 40° angle of curvature and 5mm radius. The files were rotated at 
300 rpm. The files were rotated until the fracture occurred. The files in 
reciprocating motion had more cycles to fracture. The result obtained was 
Reciproc files in reciprocating motion showed better cyclic fatigue resistance than 
files rotating in rotary motion. 
Hyeon – Cheol Kim et al. (2012)35 evaluated the cyclic fatigue resistance of 
Wave one and reciproc files in reciprocating motion. Cyclic fatigue test was done 
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using a pecking motion. Protaper F2 in continuous rotation was compared as control. 
The files were rotated until fracture occurred, the time was noted and NCF was 
calculated. Torsiometer was used to measure torsional strength. The length of the 
fracture segment was measured. The result obtained was that both the wave One and 
Reciproc files showed superior cyclic fatigue resistance than rotating motion. 
Eugenio Pedulla et al. (2013)36 compared the cyclic fatigue resistance of 
reciproc, Wave One, Mtwo and twisted files in rotating and reciprocating motion. 
Two files were used in rotating motion and two files were used in reciprocating 
motion. Fourty five files were used in each group. Cyclic fatigue was tested in an 
artificial canal of angle of curvature 60° and radius of 5mm.The files were rotated 
until the fracture occurred. The result showed that the cyclic fatigue resistance of the 
reciprocating files were more than the rotating files. The two reciprocating files had 
no statistical significance. The conclusion that reciprocating files showed more 
cyclic fatigue resistance than rotating files.  
Oscar Faciola Pessoa et al.(2013)37 assessed cyclic fatigue resistance in 
rotary nickel-titanium instruments after simulated clinical use in curved root canals. 
RaCe rotary files, size #5, taper 0.04, were divided into 3 groups according to the 
cycle of use i.e., one three and five cycles. The number of cycles to fracture was 
calculated by noting the time till fracture. Results showed that the clinical usage of 
RaCe instruments for cleaning and shaping of curved canals adversely affected the 
fatigue resistance of the RaCe instruments after five uses. 
Davut Celik et al. (2013)38 compared the root canal preparation performed 
by using GT series X, Twisted files, Revo S, RaCe , Mtwo and Protaper Universal 
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and stainless steel K Flexofiles. Mesiobucal root canal of first molars with 30° to 
40° angle of curvature and 4 to 9 mm radius of curvature were selected for the study. 
The canals were prepared using all the files. The result showed that GT series X and 
Twisted files shaped the curved canals with minimal canal transportation. 
Juan Jose Periz Higueras et al.(2013)39 compared the cyclic fatigue 
resistance of K3, K3XF and twisted files at rotating motion and reciprocating 
motion. Total of 210 files were selected with tip diameter 30 and 0.06 taper. The 
files were divided into 7 groups. K3- rotating motion,K3XF- rotating motion and 
TF1- rotating motion were used in rpm 300 and K3-reciprocating motion,K3XF- 
reciprocating motion and TF1- reciprocating motion were used in reciprocating 
motion, TF2-rotating motion was rotated at 500rpm. The cyclic fatigue was tested in 
a stainless steel canal of angle 60° and radius of curvature 3mm.files were rotated 
until the fracture occurred and the time was noted. Under continuous rotation K3XF 
showed longer cyclic fatigue resistance than K3 and Twisted file. Twisted file 
showed more cyclic fatigue resistance when rotate in 300 rpm than 500 rpm. Under 
reciprocating motion no significant difference was obtained between K3XF and TF. 
The conclusion was that Reciprocation motion and R phase increase the cyclic 
fatigue resistance. 
Shehab El Din Mohamed Saber et al. (2013)40 evaluated the effect of 
altering the reciprocation range of Wave One files on its fatigue life and shaping 
ability regarding tendency for canal transportation canal centering ratio and 
preparation time and concluded that decreasing the reciprocation range of Wave One 
instrument resulted in an increased cyclic fatigue resistance with less canal 
transportation and more centered preparation with longer preparation time. 
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Frank C Setzer et al. (2013)41determined the possible differences in the 
fracture point of  nickel titanium instruments based on the application of cyclic 
fatigue only or in combination with torsional stress. The test was done in a custom 
made device .The device was a two pin design. The cyclic fatigue and torsional 
resistance was tested in the device. The files were tested in an amplitude of 2mm at 
0.0625 Hz using a computered controlled system. Revo S, Vortex and Profiles files 
were tested in the device. Total 120 files were tested. The mean fragment length was 
noted and examined under 10x magnification using an electronic gauge. The result 
showed that all fracture occurred within the curvature. When the torsional load was 
applied the fracture moved towards the torsional load applied. The conclusion 
obtained was fracture of instruments tales place at the curvature, when torsional 
stress is applied the fracture occurs at the point of the torsional stress applied. 
Solaiman M Al-Hadlaq (2013)42 evaluated the cyclic fatigue resistance of 
Twisted files (TF) and Profiles(PF) .time to fracture of 0.06 and 0.04 twisted files 
was not statistically significant.  The difference between the time to failure of TF 
and PF of similar tip size and taper was not statistically signiﬁcant. The finding was 
size 25/0.04 and 25/0.06 TFs had similar resistance to cyclic ﬂexural fatigue failure. 
TFs were not superior, in terms of resistance to cyclic ﬂexural fatigue failure, to PF. 
Gustavo De Deus et al.(2014)43 evaluated the bending resistance and the 
dynamic and cyclic fatigue resistance of Reciproc and wave one instruments. 
Reciproc 40 and Wave One large files were selected. The bending resistance test 
was done in universal testing machine. Cyclic fatigue testing was done in a custom 
made artificial stainless steel device. The artificial canal was constructed with 19mm 
length and 1.5 mm diameter stainless steel tube. The result showed that Wave One 
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files had more bending resistance than Reciproc. Reciproc files had more cyclic 
fatigue resistance than Wave One files.  
Pallavi Reddy et al. (2014)44 compared the cyclic fatigue resistance of 
Profile, K3 Endo, RaCe. The testing was done in two simulated curved canals 
having radii of curvature 5mm & 10mm with 45˚ angle of curvature .The fracture 
segment was examined under scanning electron microscopy. Total of 60 files were 
used for the study. Three groups were divided into two sub groups based on the radii 
of curvature. Ten files were tested in each sub group. The result showed that Profile 
showed more cyclic fatigue resistance than K3 Endo and RaCe files. On scanning 
electron microscopic analysis the broken edges showed a smooth area, this is 
associated with nucleation and crack propagation. 
 Sekar Vadhana et al. (2014)45compared the cyclic fatigue resistance of RaCe 
and Mtwo rotary files in reciprocating motion and rotating motion. Total of 60 new 
RaCe and Mtwo files were selected and divided into two subgroups. Both the files 
were tested in rotating motion and in reciprocating motion. The cyclic fatigue testing 
was done in an artificial canal of 60°angle of curvature and 5mm radius of curvature. 
The files were rotated until the fracture occurred. The time to fracture was noted. The 
scanning electron microscope observation showed that the fracture type is ductile in 
nature. The length of the fractured segment did not show significance between groups. 
The conclusion was that Mtwo and RaCe instrument showed a significantly better 
cyclic fatigue resistance in reciprocating motion than in rotating motion. 
Alberto Dagna et al. (2014)46 evaluated the cyclic fatigue resistance of One 
Shape, Reciproc, Wave One and Protaper in four curved artificial canals with varying 
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angles and radii of curvature. Canal 1 had 60° angle of curvature and 8-mm radius of 
curvature, canal 2 had 45° angle of curvature and 8-mm radius of curvature, canal 3 
had 60° angle of curvature and 5-mm radius of curvature, and canal 4 had 45° angle of 
curvature and 5-mm radius of curvature. Each instrument were allowed to 
rotate/reciprocate until fracture occurred. The result showed that Reciproc had more 
cyclic fatigue resistance than One shape, Wave One and Protaper files. 
Ismail Davut Capar et al.(2014)47 evaluated  the cyclic fatigue resistance of 
ProTaper Next, HyFlex, OneShape, Revo-S. The instruments were tested in a steel 
canal of 3mm radius and 60° angle of curvature. The files with tip size 25 and 0.06 
taper was selected for the study. The result obtained was Hyflex files had the 
maximum cyclic fatigue resistance and Revo S files had the least cyclic fatigue 
resistance. 
Amr M Elnaghy et al. (2015)48 compared the torsion and bending properties 
of One shape and Wave one files. After fixing the 5mm of instrument rigidity the 
torsional strength was measured by a torsiometer. Scanning electron microscopic 
study was done. The bending test was done by using a cantilever bending test. The 
result showed that One Shape files showed least torsional resistance and flexibility 
than Wave One files. 
Shaymaa E Elsaka et al. (2015)49 compared the cyclic fatigue resistance of 
One Shape and Wave One. One shape file size 25, 0.06 taper and Wave One primary 
size 25, 0.08 taper were used in simulated canals with angle of curvature 45°, 60°, 
and 90°. Number of cycles to fracture was calculated .The results showed that wave 
one files showed more cyclic fatigue resistance than one shape files. The conclusion 
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was that Wave One instruments used in reciprocating motion had more resistance to 
cyclic fatigue than One Shape used in continuous rotation. 
Yu Gu et al. (2015)50 compared the performance of various heat treated NiTi 
instruments in S shaped simulated canals .The instruments used were Twisted files, 
Wave one files, Hyflex CM. Fourty S shaped resin canals were instrumented with 
the files .The S shaped canal was scanned before and after preparation. The 
volumetric analysis was done. The result showed that transportation was most 
common in the coronal portion. Twisted files showed the maximum transportation.  
Control memory wire based instruments created the most favourable preparation in 
S shaped canals. 
Aida Rene Assayag Hanan et al. (2015)51analyzed the presence of debris, 
defects and deformation of Wave One and Reciproc files before and after Chemical - 
mechanical preparation. Total of 26 instruments were divided into two groups and 
all the files were examined by scanning electron microscope before the preparation. 
Apical 2 and 4 mm were examined. The files were used in canal preparation of 
mandibular molars. The files were again examined in SEM. Scanning electron 
microscopic study was done and found that Wave One instruments had more defects 
and deformation when compared with Reciproc instruments. 
Osear Higuera et al. (2015)52 evaluated the cyclic fatigue resistance of 
Wave One, Reciproc and Twisted files on a static model. Total of 45 instruments 
were dived into three groups and tested in the study. The static model consisted of a 
simulated canal made up of stainless steel. The simulated canal had angle of 
curvature of 60° and radius of curvature 5mm. All the files were rotated until the 
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fracture occurred and the time was noted. The instruments were observed under 
scanning microscopy to study the pattern of fracture. The result obtained was that 
Reciproc files and TF adaptive files had more cyclic fatigue resistance. Scanning 
electron microscopic study revealed a ductile type of fracture. 
Mohsen Aminsobhani et al. (2015)53 evaluated the resistance to fatigue 
failure of Neoniti, RaCe, Mtwo, Twisted files and Protaper Next. Three groove types 
simulating curved canals were used differing in radius, arc length and position of the 
arc, with measurement of 1.5 mm in width, 20 mm in total length and 2.5 in depth. 
Cyclic fatigue resistance was determined by calculating number of cycles to 
fracture. The fractured tip were also examined. The results showed that cyclic 
fatigue resistance was lower in more coronally located curvatures, Neoniti exhibited 
the highest and RaCe exhibited the lowest fatigue resistance compared to other files. 
Eugenio Pedulla et al. (2015)54 evaluated the tortional and cyclic fatigue 
resistance of Hyflex EDM, One File, Reciproc and Wave One files. The testing was 
done in an artificial stainless steel canal with 60° angle of curvature and 3mm radius 
of curvature. The fractured segment was observed under scanning electron 
microscope. The result showed that Hyflex EDM had higher cyclic fatigue 
resistance than Reciproc and Wave One files. Hyflex EDM showed higher angular 
rotation and maximum torque load than Reciproc and Wave One files. The 
conclusion was that Hyflex EDM showed higher cyclic fatigue resistance and 
angular rotation but lower torque to failure than Reciproc and Wave One files. 
Uygun AD et al. (2015)55evaluated the cyclic fatigue resistance of Protaper 
gold, Protaper Next and Protaper Universal at different levels. A total of 72 ﬁles of 
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Protaper Universal, Protaper Next and Pro Taper Gold were selected. The cyclic 
fatigue was tested in a device with 5 mm (n = 12) and 8 mm (n = 12) from the tip in 
3-mm-radius steel canals with a 60° angle of curvature. The time to fracture was 
noted. The results showed that Protaper gold ﬁles had the highest Cyclic fatigue 
resistance, and the Protaper Next ﬁles showed greater Cyclic fatigue resistance than 
the Protaper universal ﬁles. No signiﬁcant differences in cyclic fatigue was found 
between the Protaper gold and Protaper next ﬁles 8 mm from the tip. The conclusion 
was that Protaper gold instruments were the most resistant at 5 and 8 mm from the 
tip. 
E Karatas et al. (2015)56 compared the cyclic fatigue resistance of new 
generation One Shape and Wave One instruments. Cyclic fatigue was tested in an 
artiﬁcial canal, made of stainless steel with 1.5 mm inner diameter, angle of 
curvature 60° and 3mm radius of curvature. Groups were as follows (n=20): 150°-
30°, 210°-30°, 360°-30° and continuous rotation. The time to fracture was recorded, 
and the data were analysed statistically. The results showed that cyclic fatigue 
affects movement kinematics. Cyclic fatigue resistance of One Shape instruments 
increased in reciprocating motion. The conclusion was that OneShape and WaveOne 
instruments resulted in extended fatigue life in all the reciprocating motions (150° 
CW-30°CCW, 210°CW-30°CCW and 360°CW-30°CCW) when compared with 
continuous rotation. 
Pantaleo Scelza et al. (2015)57 evaluated the bending resistance at 45° 
curvature, cyclic fatigue resistance and fracture type of Wave one and Reciproc 
files. Bending test was done in Universal testing machine. Cyclic fatigue was tested 
in a dynamic model. Scanning electron microscopy was done to find the fracture 
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type. The result obtained was Reciproc files showed better cyclic fatigue resistance 
in static and dynamic test. Both the files had ductile type of fracture. The conclusion 
was that the Reciproc files had better bending ability than Wave one files. Wave one 
files are stiffer. 
Taha Ozyurek et al. (2016)58 evaluated the cyclic fatigue resistance of old 
and new generation One Shape single file systems that work with continuous 
rotation to cyclic fatigue under a dynamic model. Twenty old generation and new 
generation One Shape (25.06) files were used in the study. The files were used at 
400 rpm and a 400 g cm-1 torque for Old generation one shape files and 400 rpm 
and a 200 g cm-1 torque value for new generation one shape files until fracture. Two 
files from each group were examined with a SEM device to determine the fracture 
type. New generation one shape files had a significantly higher cyclic fatigue 
resistance than old generation one shape files. The new generation One Shape NiTi 
file has been found more resistant to cyclic fatigue than the old generation One 
Shape NiTi file.   
Vadhana Sekar et al. (2016)59 assessed the importance of cross section on 
of One Shape, Revo S and Mtwo files in their cyclic fatigue resistance. Ninety new 
rotary One Shape, Revo‑S SU, and Mtwo files were used in continuous rotation and 
reciprocating motion. A cyclic fatigue testing device was fabricated with angle of 
curvature 60° and radius of curvature 5mm. The dynamic testing of these files was 
done using an electric motor which reproduced pecking motion in the canal. All 
instruments were activated until fracture occurred. The time till fracture was 
recorded. All the fractured files were examined under a scanning electron 
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microscope (SEM) to detect the mode of fracture. The results showed that 
reciprocating files had more number of cycles to fracture. The conclusion was that 
the files with reciprocating motion showed improved cyclic fatigue resistance of all 
tested group. 
Fabio de Almeida – Gomes et al. (2016)60 evaluated the cyclic fatigue 
resistance of Reciproc, Wave One, One Shape, Unicone, K3XF, Protaper Universal, 
Protaper Next, Mtwo in a mechanical apparatus. Five files of 25 mm of length of 
each group: Reciproc (RC) R25; WaveOne (WO) Primary; Unicone (UC) L25 
25/0.06; K3XF 25/0.06; ProTaper Universal F2 (PTF2); ProTaper Next X2 (PTX2); 
Mtwo 25/0.06; BioRaCe 25/0.06; One Shape L25 25/0.06 were tested for cyclic 
fatigue resistance in a mechanical device. The mean fracture time was analyzed 
statistically. The conclusion was that Protaper Next, Reciproc, Unicone and Wave 
One files presented greater cyclic fatigue resistance than other group. 
N.O. Varghese et al. (2016)61 compared the cyclic fatigue resistance and 
resistance to torsional failure of Protaper Next, Wave One and Mtwo files in rotating 
and reciprocating motion. Cyclic fatigue resistance was tested in a custom made 
device with angle of curvature 70°, width 3 mm and curvature starting at 6 mm from 
the tip. All instruments were rotated and reciprocated till fracture occurred and time 
till fracture of each instrument was recorded in seconds. For torsional failure testing 
5 mm tip of each file was embedded in composite resin block and uniform torsional 
stresses (300 rpm, 2.0 Ncm) were applied repetitively by an endodontic motor with 
auto stop mode until file succumbed to torsional failure. Number of load 
applications leading to failure was recorded. Cyclic fatigue resistance was superior 
in files with reciprocating motion than rotating motion. WaveOne primary files 
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showed maximum resistance to cyclic fatigue both in continuous and reciprocating 
motion. WaveOne primary files also showed maximum resistance to torsional 
failure followed by Protaper next with Mtwo files exhibiting least resistance. 
Manoj Chandak et al. (2016)62assessed the cyclic fatigue resistance of 
Twisted files, Hyflex files, Heroshaper files, Protaper files after immersing in 
sodium hypochlorite solution in static condition. The files were tested in an artificial 
canal of angle of rotation 60° and radius 5mm.The results showed that immersion of 
files in NaOCl for 5 minutes did not affect the cyclic fatigue resistance. Twisted 
files had more cyclic fatigue resistance than Hyflex, Heroshaper and Protaper files. 
Chih – Wen Chi et al.(2016)63 examined the effect of heat treatment at two 
different temperature on the cyclic fatigue resistance and cutting efficiency of 
protaper universal F2 files. The files wear divide into three groups: no treatment, 
heat treatment at 400°C, heat treatment at 400°C and heat treatment at 600°C .The 
cyclic fatigue testing was done in four artificial canal. The cutting efficiency was 
also tested from 3mm, 6mm, 9mm and 12mm from the tip. The results showed that 
after 600˚C there is a prolonged phase transformation of the file. The conclusion was 
that 600°C treatment increased cyclic fatigue resistance and reduced the cutting 
efficiency of the files, 400°C treatment prolonged the cyclic fatigue resistance and 
maintained the cutting efficiency. 
H.S. Topcuoglu et al. (2016)64 compared the cyclic fatigue resistance of 
Wave One Gold, Reciproc and Wave One files in an artificial root canal with a 
double curvature and concluded that Wave One gold files had higher cyclic fatigue 
resistance than Reciproc and Wave One files at the apical and coronal curvature and 
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Reciproc files had significantly greater cyclic fatigue than Wave One files in apical 
curvature. 
ZhuyuWang et al. (2016)65 evaluated the bending ability of OneShape files 
and Protaper F2 files and cyclic fatigue testing was done in an artificial canal with 
curvature 30°, 60° and 90°.The numbers of cycles to fracture(NCF) was noted. The 
positive and negative forces that were generated by files during canal preparation 
were recorded. The fracture surfaces was examined under scanning electron 
microscopy. One Shape files presented a higher cyclic fatigue resistance in 
60°and90°canals than the control. No significant difference of cyclic fatigue 
resistance was found between One Shape and ProTaper files in 30° canals. During 
the preparation of 30°canals by both files, the negative forces were dominant. With 
the increase of the curvature, more positive forces were observed. When the 
OneShape Files were compared with the control, significant different forces were 
found at D3 and D2 in 30°canals, at D2, D1 and D0 in 60°canals, and at D4 and D3 
in90°canals.The conclusion was One shape files showed more flexibility and cyclic 
fatigue resistance than Protaper F2 files. 
Mehmet Emin Kaval et al. (2016)66 evaluated the cyclic fatigue resistance 
of F6SkyTaper, K3XF, OneShape and TRUShape files. The instruments were 
rotated in a stainless steel block with 1.5 mm diameter, 3 mm radius of 60° angle 
of curvature using a low torque motor. F6 Skytaper instruments showed highest 
cyclic fatigue resistance than the other files. Clinical relevance was that 
instruments with smaller core area and less cross-sectional metal mass are more 
flexible, this enhances the cyclic fatigue resistance during cleaning and shaping of 
curved canals.  
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Cangul Keskin et al. (2016)67 evaluated the interruption on the cyclic 
fatigue of One Shape rotary NiTi instruments. Total 30 One shape files were used in 
the study i.e., 10 One Shape 25.06, 10 One Shape Apical 1 30.06 and 10 One Shape 
Apical 2 37.06. The instruments were subjected to dynamic cyclic fatigue test in 
continuous and interrupted rotation. All the instruments were activated with VDW 
Gold endodontic motor. The hand piece was attached to the cyclic fatigue testing 
device. The cyclic fatigue testing device is a dynamic device with stainless steel 
artificial canal with 60° curvature angle, 5 mm of radius curvature and 1.5 inner 
diameter. Group 1 was rotated in continuous rotation and Group 2 was rotated in 1 
second interruption of rotation in every 10 seconds. The files were rotated until 
fracture .The time was noted and NCF was calculated. The fractured segment length 
was also noted. The results showed that One Shape 25.06 that operated at 
continuous rotation was significantly greater than that of One Shape 25.06 operated 
at interrupted rotation. The lengths of the fractured fragments were not significantly 
different for all instruments and groups .The conclusion was that interruption of 
rotation should be noted as a decreasing factor for the cyclic fatigue resistance of 
One Shape 25.06 NiTi rotary instrument.   
Emmanuel Joao Nogueira Leal Silva et al. (2016)68 evaluated the cyclic 
fatigue and bending resistance of Unicone, Wave One and Reciproc in reciprocating 
motion. Cyclic fatigue testing was done in a custom made device with an artificial 
canal of angle of curvature 60° and radius of curvature 5mm. The files were 
activated using 6:1 reduction hand piece, powered by torque controlled motor. 
Flexibility was determined by 45° bending test in universal testing machine. Mode 
of fracture was examined using scanning electron microscopy. The scanning 
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electron microscopic analysis showed a ductile type of fracture. Helical shaft of the 
instrument showed no plastic deformation. Reciproc files showed less bending 
resistance than Wave One and Unicone. Wave One and Unicone showed no 
differences. 
Akanksha Bhatt et al. (2016)69 compared the cyclic fatigue resistance of 
Hyflex CM and One Shape files at 60° angle and curvature 5mm from the tip. Ten 
endodontic rotary files were selected in each of the two groups to be tested. The files 
were rotated with standard parameters 350 rpm and 2.5 Nm torque using the Tri auto 
mini endomotor set until fracture occurred. The time until fracture was recorded in 
seconds by using a stopwatch, and the number of cycles till fracture was then 
calculated. The results showed Hyflex CM (Group 1) performed significantly better 
than One Shape rotary endodontic file system (Group2) during cyclic fracture 
resistance evaluation. A statistically significant difference (P<0.05) was noted. It is 
concluded that Hyflex CM had greater resistance to cyclic fatigue than One Shape 
endodontic file system. 
Mustafa Gundogar et al. (2017)70 compared the cyclic fatigue resistance of 
Reciproc Blue, Hyflex EDM, Wave One Gold and One Shape file system. Thirty 
Reciproc Blue, Hyflex EDM, Wave One Gold and One Shape file system were 
selected for the study. The files wear rotated in the artificial canal with inner 
diameter 1.5 mm and angle of curvature 60° and 5mm radii of curvature. The time to 
fracture was recorded using a chronometer. The result showed that of Hyflex EDM 
files showed higher cyclic fatigue resistance than One Shape, Reciproc Blue and 
Wave One gold files. One shape files had the least cyclic fatigue resistance and 
Reciproc Blue had more cycles to fracture. 
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P Nagarjuna et al. (2017)71 evaluated the cyclic fatigue resistance of Wave 
One gold, Reciproc, Hyflex electrical discharge machining file system rotating and 
reciprocating motion. Ten files were selected for each group. The files wear rotated 
in the simulated canal until the fracture occurred. The number of cycles to fracture 
was calculated. The results showed that Hyflex EDM exhibited the greater Cyclic 
fatigue resistance when compared with other file system. 
Cangul Keskin et al. (2017)72 compared the cyclic fatigue resistance of 
Reciproc Blue, Reciproc and Wave One gold files. Fifteen number of files in each 
group were selected. Cyclic fatigue testing was done in a dynamic testing device of 
60° angle of curvature and 5mm radius of curvature. All the instruments wear 
rotated till the fracture occurred and length of the fractured fragments was recorded. 
The result showed that Reciproc Blue instruments showed higher cyclic fatigue 
resistance than Wave One Gold and Reciproc instruments. Wave One files showed 
more cyclic fatigue resistance than Reciproc files. 
E Karataslioglu et al.(2017)73 compared the static cyclic fatigue resistance 
of Hyflex, Profile Vortex, Twisted file and One Shape. Total of 120 rotary files were 
selected and were divided into four groups. Cyclic fatigue testing was done in a 
custom-made static cyclic fatigue testing device. The time till fracture and length of 
fractured segment of the each file was recorded. The result showed that Hyflex files 
had more cyclic fatigue resistance than other file system. The conclusion was that 
CM-Wire alloy showed better cyclic fatigue resistance, and NiTi alloy in R-Phase 
had the second highest fatigue resistance. CM and R-Phase manufacturing 
technology processed to the conventional NiTi alloy enhance the cyclic fatigue 
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resistance of files that have similar design and size. M-wire alloy did not show any 
superiority in cyclic fatigue resistance than conventional NiTi wire. 
Koray Yilmaz et al. (2017)74 compared the cyclic fatigue resistance of 
Hyflex CM ,Typhoon CM and Edge file X3 files with a controlled memory alloy. 
Twenty HyFlex CM 25.06, 20 Typhoon CM 25.06, and 20 EdgeFile X3 (25.06) 
instruments were used in the study. The cyclic fatigue tests were performed using a 
static cyclic fatigue testing device, which have an artificial stainless steel canal with 
angle of curvature 60° and a radius of curvature 5 mm. The files were randomly 
divided into three groups (Group 1: HyFlex; Group 2: Typhoon; Group 3: EdgeFile 
X3). All the instruments were rotated until fracture occurred, and the time to fracture 
was recorded in seconds using a digital chronometer. The number of cycles to 
failure (NCF) was calculated. The result showed that EFX3 C2 file system had the 
highest NCF, followed by the HF CM and TYP files. No statistically significant 
between-group difference in the NCF was found. 
Celia Ruiz Sanchez et al.(2018)75compared the cyclic fatigue resistance of 
Protaper Next , Profile Vortex Blue and Protaper universal. A cyclic fatigue test was 
done from ProTaper Next X2, Profile Vortex Blue 25.06 and ProTaper F2. A total of 
234 instruments were rotated in 2 simulated stainless steel curved canals with angles 
of curvature 45º and 60° and 5-mm radius of curvature. The number of cycles to 
fracture (NCF) was calculated. The results showed that Profile Vortex Blue showed 
higher resistance to cyclic fatigue in both curved canals than ProTaper Next and 
ProTaper Universal. ProTaper Universal obtained the lowest resistance to cyclic 
fatigue in both canals. The conclusion was that Profile Vortex Blue was the most 
resistant to cyclic fatigue failure, followed by ProTaper Next and ProTaper 
Review of Literature 
 
    30 
 
Universal. Anatomical complexity (angle of curvature) and manufacturing process 
of NiTi are important factors for resistance to cyclic fatigue. 
Eugenio Pedulla et al.(2018)76 evaluated the cyclic fatigue resistance, 
torsional resistance, and metallurgical characteristics of M3 Rotary and M3 Pro 
Gold NiTi files. Cyclic fatigue resistance was significantly higher in the M3 Pro 
Gold files than in the M3 Rotary. No significant difference was observed between 
the files in the maximum torque load, while a significantly higher angular rotation to 
fracture was observed for M3 Pro Gold. The M3 Pro Gold files showed higher 
flexibility and angular rotation than the M3 Rotary files, irrespective of torque. 
Francesco Iacono et al. (2018)77 evaluated cyclic fatigue resistance of Wave 
One and Reciproc files. Total of 80 instruments wear used twenty files each group. 
The cyclic fatigue was tested with two different motor setting i.e., X smart plus and 
4:1 contra angled hand piece. The artificial canal dimensions are 90° angle of 
curvature and 5mm radius of curvature. The time to fracture was digitally recorded. 
The results showed that Reciproc blue showed highest eta value than Wave One 
files. The conclusion was that reciprocating acceleration had a positive impact on 
fatigue life time of reciprocation instruments. 
Neslihan Busra Keskin et al. (2018)78 evaluated the cyclic fatigue 
resistance of new and used Protaper Universal and Protaper Next files. Total 40 files 
were used for the study. The groups were: Group A: 10 new sets of PTN 
instruments; Group B: 10 clinically used sets of PTN instruments; Group C: 10 new 
sets of PTU instruments; and Group D: 10 clinically used sets of PTU instruments. 
The cyclic fatigue tests were performed using a specially manufactured dynamic 
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cyclic fatigue-testing device, which has an artificial stainless steel canal with angle 
of curvature 60° and a radius of curvature 2 mm. All the files were rotated until the 
file fractures, and the cyclic fatigue device stopped automatically by the fracture and 
showed the fracture time on the screen. The number of cycles to fracture for each 
group was calculated .The results showed that the new instruments showed 
statistically higher cyclic fatigue resistance than the used instruments. The mean 
number of cycles to fracture of Protaper Next instruments was significantly higher 
than equivalent file sizes of Protaper Universal instruments. The conclusion was that 
new instruments showed higher cyclic fatigue resistance than used files. 
Linz A. Shalan et al. (2018)79 evaluated the cyclic fatigue resistance of 
Wave one gold glider, Proglider, Pathfile and path glider komet. Forty instruments 
were used in this study divided into four groups (n=10): G1: Path file, G2: Path 
glider komet, G3: Wave one gold glider, G4: Proglider. The instruments were tested 
for their cyclic fatigue resistance by an artificial canal 60° angle of curvature with a 
width of the canal was 1.5 mm and radius of curvature for both canals was 5 mm 
within a block. The result showed that Wave one gold glider reciprocating path 
glider instruments had the highest cyclic fatigue resistance with high flexibility.   
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MATERIALS/INSTRUMENTS /EQUIPMENTS USED IN THE STUDY 
a) X Smart plus endomotor (Dentsply Maillefer, Ballaigues, Switzerland) 
b) Twisted files (Sybron Endo, Scafati (SA), Italy) 
c) Waveone files (Dentsply Maillefer, Ballaigues, Switzerland) 
d) FlexiCon files (US Endodontics Johnson City, Tennessee, USA) 
e) Glycerine (Bharat Pharmaceuticals, Chennai, India) 
f) Stop Watch (Timex, Middlebury, CT, USA) 
g) Custom made cyclic fatigue testing device 
h) Stereomicroscope  (Magnus MS 13/MS24 ,Olympus India Pvt Ltd, New 
Delhi, India) 
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METHODOLOGY 
Twenty new files each of Twisted files (Sybron Endo, Scafati (SA), Italy), 
WaveOne files (Dentsply Maillefer, Ballaigues, Switzerland), FlexiCON X3 and 
FlexiCON X1 were selected for the study.  All instruments were inspected using an 
optical stereomicroscope(Magnus MS 13/MS24 ,Olympus India Pvt Ltd, New Delhi, 
India) with 20x  magniﬁcation for morphologic  analysis and for any signs of visible 
deformation. All defective instruments were discarded .The cyclic fatigue testing 
was done in a custom made device. 
Fabrication of Cyclic Fatigue testing device 
The device consists of a frame work made of iron and wood support is 
connected for the handpiece. The artificial canal system was made of tempered steel. 
The handpiece was mounted in to allow precise and reproducible placement of each 
instrument inside the artiﬁcial canal. This ensured three-dimensional alignment and 
positioning of the instruments to the same depth. 
 Artificial Canal Dimension 
The artificial canal was chosen for this in vitro because, artificial canal gives 
a comparable and stable working field to assess the performance of the objective 
files. The artiﬁcial canal was fabricated in tempered steel by reproducing the 
instrument’s size and taper, thus providing the instrument with a suitable trajectory 
that conforms to the parameters of the curvature chosen. A simulated root canal with 
a 60° angle of curvature, 3mm width and 5-mm radius of curvature was constructed. 
The centre of the curvature was 5 mm from the tip of the instrument and the curved 
segment of the canal was approximately 5 mm in length. 
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Cyclic Fatigue Testing 
All the instruments were activated using X Smart Plus endomotor (Dentsply 
Maillefer, Ballaigues, Switzerland). The hand piece was attached with the testing 
device. All files were activated in the handpiece according to the manufacturers 
recommendation. 
In Group I, Twisted files (thermomechanically heat treated files) was used in 
a rotating motion. 
 In Group II, FlexiCON X3 files (annealed heat treated files) was used in a 
rotating motion. 
 In Group III, WaveOne files (thermomechanically heat treated files) was 
used in a reciprocating motion. 
 In Group IV, FlexiCON X1 files (annealed heat treated files) was used in a 
reciprocating motion. 
The diameter of the artificial canal is larger than the instrument to allow free 
rotation of the file in the canal. To reduce the friction between the steel and the file a 
lubricant glycerine is used. All the files were rotated until the instrument fractures 
.The time till fracture was recorded using a stop watch. The number of cycles to 
fracture (NCF) which is indicative of cyclic fatigue resistance were calculated by 
multiplying the time (seconds) to fracture by the number of rpm regardless of 
rotational direction. 
Statistical analysis 
The values obtained were statistically analyzed using computer software 
Statistical Package for Social Sciences (SPSS) (16.0) (SPSS Inc., Chicago, USA). 
The data was expressed with mean and standard deviation. ANOVA (Post hoc) 
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followed by Dunnett’s test was applied to find the statistical significance between 
the groups. P value less than 0.05 (P<0.05) was considered to be statistically 
significant at 95% confidence interval.  
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Table - 1 shows mean number of cycles to fracture values of all four groups. 
Group I was Twisted files, Group II was FlexiCON X3 files, Group III was Wave 
One files, Group IV was FlexiCON X1 files. Group III Wave One files showed 
higher cyclic fatigue resistance with a value of 1806.20±1.29 followed by Group IV 
(FlexiCON X1) with value of 1577.20±8.05, Group II (FlexiCON X3) with value of 
1110.00 ± 4.71 and Group I (twisted files) showed least cyclic fatigue resistance 
with a value of 778.3 ± 2.10. 
Table - 2 shows the comparison of mean number of cycles to fracture of 
Group I (Twisted files) with Group II (FlexiCON X3), Group III (Wave One) and 
Group IV (FlexiCON X1). Group II (FlexiCON X3) shows P value of 0.001 which 
is statistically significant when compared with Group I. Group III (Wave One) 
shows P value of 0.001 which is Statistically significant when compared with Group 
I. Group IV (FlexiCON X1) shows P value of 0.001 which is Statistically significant 
when compared with Group I. 
Table – 3 shows the comparison of mean number of cycles to fracture of 
Group II (FlexiCON X3) with Group I (Twisted files ), Group III (Wave One) and 
Group IV (FlexiCON X1). Group I (Twisted files) shows P value of 0.001 which is 
statistically significant when compared with Group II. Group III (Wave One) shows 
P value of 0.001 which is statistically significant when compared with Group II. 
Group IV (FlexiCON X1) shows P value of 0.001 which is statistically significant 
when compared with Group II. 
Table – 4 shows the comparison of mean number of cycles to fracture of 
Group III (Wave One) X3) with Group I (Twisted files), Group II (FlexiCON X3) 
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and Group IV (FlexiCON X1). Group I (Twisted files) shows P value of 0.001 
which is statistically significant when compared with Group III. Group II 
(FlexiCON X3) shows P value of 0.001 which is statistically significant when 
compared with Group III. Group IV (FlexiCON X1) shows P value of 0.001 which 
is statistically significant when compared with Group III. 
Table – 5 shows the comparison of mean number of cycles to fracture of 
Group IV (FlexiCON X1) with Group I (Twisted files) , Group II (FlexiCON X3) 
and Group III (Wave One) .Group I (Twisted files )  shows P value of 0.001 which 
is statistically significant when compared with Group IV. Group II (FlexiCON X3) 
shows P value of 0.001 which is statistically significant when compared with Group 
IV. Group III (Wave One) shows P value of 0.001 which is statistically significant 
when compared with Group IV. 
Table -6 shows Multiple comparison of mean number of cycles to fracture 
values between Group I (Twisted files), Group II (FlexiCON X3), Group III (Wave 
One) and Group IV (FlexiCON X1) Group III and Group IV shows better cyclic 
fatigue resistance than Group I and Group II. Group II shows better cyclic fatigue 
resistance than Group I. Group III shows better cyclic fatigue resistance than Group 
I, Group II and Group IV. The result of statistical analysis shows that P<0.05, 
significant when Group II is compared other groups, P<0.05, significant when 
Group I is compared other groups, P<0.05, significant when Group III is compared 
other groups, P<0.05, significant when Group IV is compared other groups. 
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Table 1. Mean number of cycles to fracture values of groups 
Groups File system 
Number of cycles to 
fracture (MEAN±SD) 
I Twisted files 778.33±2.10 
II FlexiCON X3 1110.00±4.71 
III Wave One 1806.20±1.29 
IV FlexiCON X1 1577.20±8.05 
 
Table 2. Comparison of mean number of cycles to fracture values of group-I 
with other groups  
Groups Number of cycles to fracture 
(MEAN±SD) 
P value  
I 778.33±2.10  
II 1110.00±4.71* 0.001 
III 1806.20±1.29* 0.001 
IV 1577.20±8.05* 0.001 
*P<0.05 significant compared Group-I with other groups 
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Table-3: Comparison of mean number of cycles to fracture values of group - II 
with other groups  
Groups Number of cycles to fracture (MEAN±SD) P value 
I 778.33±2.10* 0.001 
II 1110.00±4.71  
III 1806.20±1.29* 0.001 
IV 1577.20±8.05* 0.001 
*P<0.05 significant compared Group-II with other groups 
 
Table 4: Comparison of mean number of cycles to fracture values of group - III 
with other groups  
Groups Number of cycles to fracture (MEAN±SD) P value  
I 778.33±2.10* 0.001 
II 1110.00±4.71* 0.001 
III 1806.20±1.29  
IV 1577.20±8.05* 0.001 
*P<0.05 significant compared Group-III with other groups 
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Table-5: Comparison of mean number of cycles to fracture values of group-IV 
with other groups  
Groups Number of cycles to fracture (MEAN±SD) P value 
I 778.33±2.10* 0.001 
II 1110.00±4.71* 0.001 
III 1806.20±1.29* 0.001 
IV 1577.20±8.05  
*P<0.05 significant compared Group-IV with other groups 
 
Table-6: Multiple comparison of mean number of cycles to fracture 
values between the groups  
Groups Number of cycles to fracture (MEAN±SD) P value  
I 778.33±2.10 
0.001 
II 1110.00±4.71 
III 1806.20±1.29 
IV 1577.20±8.05 
*P<0.05 significant compared Group-I with other groups, #P<0.05 significant 
compared Group-II with other groups, $P<0.05 significant compared Group-III with 
other groups 
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A successful endodontic therapy depends mainly on root canal preparation. 
Preparation of the canals determines the efficacy of the other procedures. The 
biomechanical preparation include mechanical debridement, creation of space for 
medicament delivery and optimized canal geometrics for adequate obturation 
.Edward Maynard developed the first endodontic hand instruments by notching a 
round wire and created small needles for extirpation of pup tissue. In 1885 Gates 
Glidden drill was introduced and in 1915, K file was introduced. In 1928 
Australian company W and H developed cursor filling contra angle. Giromatic 
hand piece was introduced in 1964 with a reciprocal 90° rotation.1 Hatton et al. 
(1928) reported that stainless steel instruments cleaned the root canals superficially 
.Stainless steel instruments created abrasion. Wein et al. (1975) reported that 
instrumentation with stainless steel instruments in curved canals resulted in apical 
transportation. To overcome this drawback nickel titanium (NiTi) was developed 
by Buehler et al. NiTi composition is 55 wt% Ni, 45 wt % Ti and less than 2 wt% 
Co. NiTi is eqiatomic ie, 1:1 of Ni and Ti. Sixty NiTiNOL is composed of 60% Ni 
and 40% Ti. It is useful for the manufacturing of the hand files, but they have low 
shape memory effect, increased heat treatability and increased hardness than 55 
NiTiNOL.4  
The null hypothesis states that the cyclic fatigue resistance of 
thermomechaniclly heat treated system (Twisted files and WaveOne files) and fire 
wire system (FlexiCON X1 and X3) in rotating and reciprocating motion will be 
equal. The null hypothesis was rejected as Wave One instruments demonstrated a 
signiﬁcantly higher cyclic fatigue resistance than FlexiCON X3, FlexiCON X1 and 
Twisted files under the conditions of the present study. In this study Wave one 
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files showed more cyclic fatigue resistance, when compared with FlexiCON X1, 
FlexiCON X3 and Twisted files. Reciprocating files showed more cyclic fatigue 
resistance than rotating files. 
NiTi alloys are softer and have low modulus of elasticity, greater strength, 
tougher, resilient, shape memory and super elasticity. The low temperature phase 
is called the martensite or daughter phase and the high temperature phase is called 
austenite or parent phase. Stress induced martensitic transformation takes place 
from austenite to the martensitic phase. Superelasticity (pseudoelasticity) is the 
complete recoverable elastic deformation up to 8% strain due to phase 
transformation between stable austenite and stress-induced martensite phase. 
Shape memory effect is the ability of deformed NiTi to recover its original shape 
when heated due to phase transformation of stable deformed martensite to stable 
austenite phase.6 Stainless steel files and NiTi files tend to straighten in curved 
canals and causes procedural errors such as zips, ledges, perforation and 
transportation. To minimize the lateral forces, the flexibility of the NiTi files have 
been improved.6 The main disadvantage of NiTi files are fracture of the 
instrument. Fracture of endodontic instruments occurs in two ways - torsional 
failure and fracture due to cyclic fatigue.6 In torsional fracture, in the canal the tip 
of the file binds but the shank rotates freely inside the canal. The elastic limit of 
the alloy is exceeded and instruments fracture as a result of torsional overload. 
Flexural fatigue occurs when the instrument continuously rotates freely in a curved 
canal and fractures without any prior notice, this is because of generation of 
tension/compression cycles at the point of maximum flexure, which eventually 
results in fracture. Repeated tension-compression cycles caused by the rotation 
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within curved canals increases cyclic fatigue of the instrument over time. Flexural 
fatigue occurs as a result of metal fatigue. Factors affecting the fracture of 
instruments are operator skill/experience, instrumentation technique, dynamics of 
instrument use, number of uses, instrument design, anatomic configuration of the 
canals, metallurgy and number of sterilization cycles. 
Traditionally NiTi files were machined from blank NiTi alloy which caused 
irregular surface characterized by grooves, pits, multiple cracks and metal rollover. 
The surface irregularities act as a center of stress concentration, initiating crack 
formation during clinical use. To reduce the surface irregularities, electropolishing, 
ion implantation, twisting of files, advancements in machined files, reciprocation 
and heat treatment were introduced. Electropolishing alters the surface 
composition of the NiTi file and creates a homogeneous oxide layer which reduces 
the surface defects and stress, and results in enhanced NiTi corrosion resistance 
and fracture resistance. The implantation of argon, boron or nitrogen into 
manufactured files has been investigated in an attempt to improve surface 
characteristics of NiTi instruments and thereby enhance flexibility, surface 
hardness, and cyclic fatigue resistance.9 
In conventional NiTi alloys the austenite phase possess superelastic 
properties. The grinding process may lead to defects on the surface of the NiTi 
instruments which are supposed to have negative effects concerning fracture 
resistance, cutting efﬁciency and resistance to corrosion. To produce more 
flexibility with enhanced cyclic fatigue resistance, Sportswire LLC (Langley, OK, 
USA) developed a proprietary thermomechanical manufacturing procedure in 2007 
called M- wire. M-Wire contains maximum of austenite phase minimum amounts of 
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martensite and R-phase at body temperature, so it maintains a superelastic phase. M-
Wire exhibits greater ﬂexibility than conventionally processed NiTi wire. M-Wire 
possesses a lower initial elastic modulus compared with conventional NiTi which 
can be seen by an initial lower inclination of the loading curve.In 2008, R-phase 
alloy was introduced. R- phase is an intermediate phase between Austenite and 
martensite phase. R-phase possesses a lower shear modulus, and its transformation 
strain is less than one-tenth of that of the martensite transformation, so less stress is 
required to cause a plastic deformation. Martensite NiTi alloy is softer and more 
ductile than austenite and it can easily be deformed and exhibits the shape memory 
effect when heated. The fatigue-crack growth resistance of the martensite phase is 
superior to stable austenite.6 Heat treatment at 400°C, 500°C, 600°C and 850°C 
causes loss of superelasticity and recrystallization of the wrought microstructure. 
This improves the mechanical properties with improved clinical performance.12 
Reciprocating motion was introduced in 2008. The reciprocating movement occurs 
in an anticlockwise cutting movement of 130 degrees, followed by a clockwise 
releasing movement of 50 degrees. This means that each instrument takes three 
rotations to complete a full 360 degree rotation and thus the elastic limit of the 
instrument is not exceeded.13 The reciprocating movement aims to minimize the risk 
of instrument fracture caused by torsional stress: the angle of counter clockwise 
rotation is designed to be smaller than the elastic limit of the instrument. On the 
other hand, although those instruments complete one rotation of 360° in several 
reciprocating movements, accumulation of metal fatigue remains a concern.14 
WaveOne was introduced in 2011. WaveOne NiTi ﬁles are available in 
three sizes: small, primary and large files. Small files have tip size 21 with a taper 
Discussion 
 
   42 
 
of 0.06, primary files have tip size 25 with a taper of 0.08 and large files have tip 
size 40 with a taper of 0.08.Wave one files are produced with M-wire. They have a 
left-handed angulated blades.Wave one files cut in a counterclockwise (CCW) 
direction.14 Twisted files are manufactured by plastic deformation, similar to the 
twisting process that is used to produce stainless steel K-files. According to the 
manufacturer, a thermal process allows twisting during a phase transformation into 
R-phase of Ni-Ti. It is available in Tip size 25,30,35,40 and taper 0.4 upto 
0.12.Cross section is triangular.15 FlexiCON files are made up of an annealed heat 
treated nickel titanium alloy, brand named Fire - Wire. They are available as X1, 
X3, X5, X7files. FlexiCON X1 is compatible with wave one reciprocating file 
system and is available in sizes 20, 25, 40. FlexiCON X3 is compatible with 
Protaper and Protaper Next. N1, N2, Nx files are used for initial canal shaping. C1, 
C2, C3, C4 files are available for completing canal shaping and cleaning. FlexiCON 
X5 file is compatible with the GT and GT Series X rotary file system. They are 
available as three color coded instruments -yellow for difficult canals, red for 
medium canals, blue for easy canals. FlexiCON X7 file is compatible with Vortex, 
Profile, K3, TF rotary systems. They are available in sizes 17, 20, 25 and taper 4% 
and 6%.16 
Change in the environmental temperature affect the mechanical properties 
of the files. Increase in temperature improved the cyclic fatigue resistance. 6 Heat 
treatment of NiTi to about 450-550° C releases the internal stresses and reduces 
the defects of the crystal lattice by arranging the atoms. Super elastic properties 
of NiTi can be trained by thermal cycling under mechanical stress.6  Based on the 
type thermomechanical treatment there are three types of wires namely M-wire, 
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R- phase and controlled memory wires.  M-Wire is a Nitinol composition 
consisting of 55.8±1.5 wt% nickel (Ni), 44.2±1.5 wt% titanium (Ti) and trace 
elements less than 1 wt%. M-Wire contains maximum of austenite phase minimum 
amounts of martensite and R-phase at body temperature.6The various M -Wire 
instruments are ProFile Vortex, ProTaper Next files (PTN) and WaveOne (WO) 
and Reciproc (VDW, Munich, Germany).75 Wave one files works in an 
reciprocating motion ie, the instrument rotates in 50°clockwise and 170° 
counterclockwise before completing a complete rotation.68 Twisted file is made up 
of R-Phase alloy. The Twisted file is manufactured by R-phase heat treatment, 
twisting of the metal wire and a special surface conditioning.6 The twisting process 
is done by transforming a raw NiTi wire in austenitic state through a thermal 
process into R-phase. R-phase possesses a lower shear modulus, and its 
transformation strain is less than one-tenth of that of the martensite transformation. 
Less stress is required to cause a plastic deformation in R-phase allowing the 
twisting process. After twisting, Twisted file is converted back to austenite by 
additional thermal procedures to maintain its new shape. In 2011 reciprocation 
files Reciproc and Wave One was introduced. Reciprocating instrument takes three 
rotations to complete a full 360 degree rotation  which is lower than the elastic 
limit  of the instrument so the chances of fracture is low.11 
Cyclic fatigue resistance testing were usually carried out in static or 
dynamic model. According to Yao et al., standardized artificial canals were used 
for the study to reduce the influence of other variable. The main objective of using 
artificial canal is to minimize influence of the anatomic variation natural teeth and 
to standardise the study.44 
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Simulated root canal was chosen for this study without choosing natural 
tooth to make a comparison and provide a stable working field to analyse the 
objective.66 A static model is used in this study to prevent the axial movement of 
the files. The axial movement creates alternate compressive and tensile stress in 
particular area of instrument leading to premature failure. The dynamic model 
produces cyclic axial movement, which can give an accurate result. The main 
disadvantage of the dynamic model is that instrument tested cannot be constrained 
in precise trajectory. The main factor to be considered is that the inner diameter of 
the canal should be larger than the file size.49 
The diameter of the artificial canal was larger than the instrument to allow 
free rotation of the file in the canal. To reduce the friction between the steel and 
the file a lubricant is used. Glycerine was used as lubricant throughout the 
procedure The use of a lubricant reduces the friction and resistance which will be 
created by the steel canal. Friction can lead to fracture of instrument which may 
give an inaccurate result47 In this in vitro study, a total number of 80 files of 25mm 
long with ISO tip size 25 was selected for the study. The files were used in used in 
reciprocating and continuous rotary motion .Group 1 consist of Twisted files 
(thermomechanically heat treated files), Group II consists of FlexiCON X3 files 
(annealed heat treated files), Group III consist of WaveOne files 
(thermomechanically heat treated files) and Group IV consist of, FlexiCON X1 
files (annealed heat treated files).Cyclic fatigue testing was done on a static custom 
made device. The testing device was manufactured according to Plotino et al. The 
artificial canal was made up of stainless steel. The stainless steel artificial canal 
measurement was 60º angle of curvature and 3mm width of the canal with 
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curvature starting at 5mm from the apex. This artificial canal was attached to a 
framework made of iron and wood. Support for the handpiece was also attached 
along with the device. The handpiece was standardised to rotate the files according 
to the manufacturers instruction. This handpiece stabilization was made for precise 
and simple placement of each instrument within the canal. This ensured three 
dimensional alignment and positioning of the file to the same depth. Hence the 
instrument rotates freely in canal.77 
Fatigue life of file was calculated with time till fracture in seconds. The 
Number of cycles of fracture (NCF) of each instrument in different curvature was 
calculated by multiplying time to failure (in seconds) by number of rotations per 
second. 
The values obtained were statistically analyzed using computer software 
Statistical Package for Social Sciences (SPSS) (16.0) (SPSS Inc., Chicago, USA). 
The data was expressed with mean and standard deviation. ANOVA (Post hoc) 
followed by Dunnett’s test was applied to find the statistical significance between 
the groups. P value less than 0.05 (P<0.05) was considered to be statistically 
significant at 95% confidence interval. 
On comparison of the four group of files all the groups wear statistically 
significant. The mean number of cycles to fracture of Group I was 778.3 ± 2.10. 
The mean number of cycles to fracture of Group II was 1110.00 ± 4.71.The mean 
cycles to fracture of Group III was 1806.20±1.29.The mean number of cycles to 
fracture of Group IV was 1577.20±8.05.Mean number of cycles to fracture of 
group III Wave One files 1806.20±1.29 showed better cyclic fatigue resistance 
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when compared to Group I Twisted files, Group II FlexiCON X3 and Group IV 
FlexiCON X1 files. Group I (Twisted files) was statistically significant with P 
value 0.001 when compared with other Groups (FlexiCON X3, Wave One, 
FlexiCON X1). Group II (FlexiCON X3) was statistically significant with P value 
0.001 when compared with other Groups (Twisted files, Wave One, FlexiCON 
X1).Group III (Wave One) was statistically significant with P value 0.001 when 
compared with other Groups (FlexiCON X3, Twisted files, FlexiCON X1).Group 
IV (FlexiCON X1) was statistically significant with P value 0.001 when compared 
with other Groups (FlexiCON X3, Wave One, Twisted files). 
In this in vitro study Wave One files showed better cyclic fatigue resistance 
when compared with Twisted files, FlexiCON X3 and FlexiCON X1.This may be 
due to the reciprocating motion of the files. The instrument rotates 60° in each 
cycles, so it takes six rotation to complete a full 360° cycle. The compressive and 
tensile stress is reduced so it improves the cyclic fatigue resistance. Reciprocating 
motion reduces the cyclic fatigue than rotating motion.27 Ricardo Castello et al 
compared the Cyclic fatigue resistance of Protaper ,Wave One and Twisted files 
and found that Wave One files showed more cyclic fatigue resistance than Twisted 
files and Protaper.30 Hyeon-Cheol Kim et al. evaluated the cyclic fatigue resistance 
of Wave one and reciproc files in reciprocating motion. The result showed that 
both the wave One and Reciproc files showed superior cyclic fatigue resistance 
than rotating motion.35 
In this study Group III Wave one files showed more cyclic fatigue 
resistance than Group IV, FlexiCON X1 in reciprocating motion. Group II 
FlexiCON X3 showed more cyclic fatigue resistance than Group I Twisted files. 
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Reciprocating files showed better cyclic fatigue resistance than rotating files. In a 
study by Eugenio Pedulla et al. it was found that reciprocating files showed more 
cyclic fatigue resistance than rotating files. Increase in cyclic fatigue resistance in 
reciprocating motion is due to the reaction stresses build up in the material by 
reversing the rotational direction.32Another study by Juan Jose Periz Higueras et 
al. also showed that cyclic fatigue is enhanced in reciprocating motion than in 
rotating motion.39 G Gambarini et al (2012) evaluated the cyclic fatigue resistance 
of twisted files under reciprocating motion. The result showed that cyclic fatigue 
resistance was improved in reciprocating motion than in rotating motion.32 Osear 
Higuera et al. evaluated cyclic fatigue resistance of reciprocating and adaptive 
motion and found that reciprocating and adaptive motion have no significance in 
cyclic fatigue resistance.52 
In Wave one files, the counter clockwise movement is greater than the 
clockwise movement. Counter clockwise movement advances the instrument, and 
performs cleaning and shaping of the canal. Clockwise movement disengages the 
instrument from the canal walls before the instrument gets locked in the canal and 
failure of the instrument. The stresses gets distributed to three points around the 
working portion of the file and this minimizes the opening of surface cracks.61 
Wave one files showed improved cyclic fatigue resistance when compared 
with FlexiCON X1 files. At the tip Wave One has a cross section of  modiﬁed 
convex triangular and at the coronal end the cross section is a convex triangular.51 
FlexiCON X1 have a parabolic cross section and they have  constant taper 
according to the manufacturer. Wave One file is made up of M wire .M-Wire 
contained deformed and microtwinned martensite, R-phase, and austenite. The 
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cyclic fatigue of M-wire is enhanced than conventional NiTi alloy which is 
austnite due to the complex multiphase.46 In a study by Shaymaa E. Elsaka it was 
found that Wave One files showed better cyclic fatigue resistance than One Shape 
files.49 According to Weibull distribution, Wave One instruments were predicted to 
have a higher number of cycles to survive than One Shape (thermomehanically 
heat treated rotary) instruments.46 FlexiCON is made up of Fire Wire technology 
which is a annealed heat treated file.16 Amr M Elnaghy et al. showed that Wave 
One files are flexible.50 
Group IV FlexiCON X1 (Annealed heat treated files) files showed better 
cyclic fatigue resistance than Twisted files and FlexiCON X3. FlexiCON X1 files 
are reciprocating files and Twisted files and FlexiCON X3 are rotating files. The 
file provide reciprocating movement in an anticlockwise direction up to 130 
degrees, followed by a clockwise releasing movement of 50 degrees. This means 
that each instrument takes three rotations to complete a full 360 degree rotation 
which is lower than the elastic limit  of the instrument so the chances of fracture is 
low.11 Giulio Gavani et al. (2012) evaluated the flexural fatigue resistance of 
Reciproc R25 in rotating and reciprocating motion. The files in reciprocating 
motion had more cycles to fracture. The result obtained was Reciproc files in 
reciprocating motion showed better cyclic fatigue resistance than files rotating in 
rotary motion.34 Sekar Vadhana et al.  compared the cyclic fatigue resistance of  
RaCe and Mtwo rotary files in rotating and reciprocating motion. The result 
showed that Mtwo and RaCe rotary instrument showed a significantly higher 
cyclic fatigue resistance in reciprocating motion than with rotating motion.45 
Francesco Lacono et al.evaluated cyclic fatigue resistance of Wave One and 
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Reciproc files. Total of 80 instruments were used twenty files each group. The 
cyclic fatigue was tested with two different motor setting i.e., X smart plus and 4:1 
contra angled hand piece. The artificial canal dimensions are 90° angle of 
curvature and 5mm radius of curvature. The time to fracture was digitally 
recorded. The conclusion was that reciprocating acceleration had a positive impact 
on fatigue life time of reciprocation instruments.77 
Twisted files showed the least cyclic fatigue resistance among all the 
group. Twisted file rotates at about 500 rpm. Twisted file is made up of R phase 
alloy. The speed of rotation affects the cyclic fatigue resistance of the file. Some 
authors do not consider rotation speed as an important factor for fracture of 
instrument. The contact between the file and the surface of the canal may cause 
enough stress to break the file. Increased speeds of rotation aggravate the rubbing 
of the file within the canal and the files break more readily than those which are 
used at lower speeds.80 In the study twisted file was rotated at 500 rpm, FlexiCON 
files were rotated at 300 rpm and Wave One files were rotated at 350 rpm. John P 
Pruett et al. stated that operating speed does not affect the cyclic fatigue 
resistance.18 Zelada et al. stated that speed of rotation increased the risk of 
instrument fracture.80 
However this study has its own limitations .The fracture resistance of the 
files in a simulated stainless steel root canal may be different from that in the 
natural root canal. Stainless steel is harder than the root dentin and can produce 
more friction to the file, which can also cause fracture of the instrument. Moreover 
it is difficult to predict the fracture resistance of the files when used in difficult 
tortuous canals. 
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Within the limitations of the study, the conclusion can be said that cyclic 
fatigue resistance of Wave One reciprocating file is better than FlexiCON  X1 
reciprocating files, Twisted files and FlexiCON X3 rotary file .Also reciprocating 
files were found to have better cyclic fatigue resistance when compared to rotary 
files Further research is required to ascertain the superior properties of 
thermomechanically heat treated files over annealed heat treated files in rotating 
and reciprocating motion. 
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Cleaning and shaping is an important step in the root canal treatment. Earlier 
stainless steel instruments were used in cleaning and shaping of the root canals. 
Stainless steel files can cause procedural errors. Hence nickel titanium was 
introduced. Nickel titanium contains 55 wt% Nickel and 45 wt% Titanium, less than 
2wt% Cobalt. NiTi alloys are softer than stainless steel and have a low modulus of 
elasticity but a greater strength, tougher and more resilient and show shape memory 
and superelasticity. The reciprocating movement aims to minimize the risk of 
instrument fracture caused by torsional stress: the angle of CCW rotation is designed 
to be smaller than the elastic limit of the instrument. Fracture of the NiTi files 
without a prior notice is one of the main disadvantage of the NiTi files. Fracture of 
NiTi files occurs mainly in two ways - Cyclic fatigue and torsional failure. Initially 
nickel titanium was used in austenite state where the instruments were stiffer .Heat 
treated files can improve the fatigue life of the instruments. Thermomechanical heat 
treatment of NiTi files released the stresses and improved the fatigue life of the 
instruments. Reciprocating files were introduced to reduce the cyclic fatigue of the 
instruments. In reciprocating motion the files complete a full rotation by 
anticlockwise and clockwise motion. This reduced the cyclic fatigue resistance. 
The purpose of this study was to evaluate the cyclic fatigue resistance of two 
heat treated file system i.e, thermomechanically het treated and annealed heat treated 
files in rotating and reciprocating motion. The files were tested in artificial canal 
made of iron. The canal resembled the root canal. Twisted files, Wave one Files, 
FlexiCON X3 and FlexiCON X1 files were rotated in the artificial canal until the 
file fractured. The time taken to fracture was noted using the stop watch. 
Thermomechanically heat treated files showed maximum cyclic fatigue resistance in 
Summary and Conclusion 
 
   52 
 
reciprocating motion than annealed heat treated files. Annealed heat treated files 
showed better cyclic fatigue resistance than thermomechanically heat treated files in 
rotating motion. Reciprocating files showed better cyclic fatigue resistance than in 
rotating motion. Further clinical trials are required to ascertain the superior 
properties of thermomechanically heat treated files over annealed heat treated file 
system in rotating and reciprocating motion. 
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Fig 1. Twisted Files 
 
 
 
Fig 2. FlexiCON X3 
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Fig 3.Wave One files 
 
 
Fig 4. FlexiCON X1 
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Fig 5. X SMART PLUS 
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Fig 6. Stereomicroscope 
 
 
Fig 7. Custom Made Static Model 
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Fig 8. Assembly for Simulated Artificial Canal 
 
 
Fig 9. Separated File 
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Fig10. Twisted File 
 
 
Fig 11. FlexiCON X3 
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Fig 12.Wave One 
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Fig 14.Mean number of cycles to fracture values of groups 
 
 
Fig 15.Comparison of mean number of cycles to fracture values of group-I with 
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Fig 16.Comparison of mean number of cycles to fracture values of group-II 
with other groups 
 
 
Fig 17.Comparison of mean number of cycles to fracture values of group-III 
with other groups 
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Fig 18.Comparison of mean number of cycles to fracture values of group-IV 
with other groups 
 
 
Fig 19.Multiple comparison of mean number of cycles to fracture values 
between the groups 
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